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iABSTRACT
The three most common errors related to communication during shift
turnovers are during inspection, installation, and the minimum equipment list
(MEL). Miscommunications during shift turnover could lead to a catastrophic
disaster. Numerous accidents have occurred relating to shift turnover issues;
therefore, the Federal Aviation Administration (FAA) has been studying this
matter in order to avoid preventable miscommunication problems. It has also been
suggested that communication skills be developed at 14 CFR Part 147 schools so
that students can communicate effectively with others in their future field.
In order to assess the communication issues of students at these schools,
three investigative treatments were utilized to assess communication during shift
turnover. The first treatment consisted of verbal communication only; the second
treatment consisted of the use of a whiteboard and written report; and the third
treatment consisted of the use of a template of a fire protection system diagram on
a whiteboard along with a written report. This study involved 14 students from a
community college in the southwest. Data collected focused on the confidence
level of communicated information related to the assigned tasks within a given
time period.
Through the use of Analysis of Variance, the results of the analyses found
that there was no significant difference between each treatment. The data sets for
the team leaders and team members were separately analyzed while there appears
to be an increase of ease of communication by the use of the whiteboard-
ii
indicating a need for further study- no significant differences were found between
the three treatments. Discussion of possible causes as well as the need for future
investigations is presented.
iii
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1CHAPTER 1
Introduction
Background
According to the Federal Aviation Administration (FAA), there is a lack of
teamwork experience provided at schools offering FAA 14 CFR Part 147 -
Aviation Maintenance programs, which could possibly lead to communication
problems in the real world work environment (Kraus & Gramopadhye, 2000).
Many maintenance technicians do not receive correct information during shift
changes relative to work to being performed on an aircraft. According to Endsley
and Robertson (1996), one of the reasons is that multiple people work on the same
aircraft. These researchers indicated that if good communication occurs between
mechanics when they work together, they will accomplish their tasks more
effectively. However, it takes a significant amount of time to develop a working
relationship with other maintenance technicians. Gaining experience in working
with others is very difficult due to tremendous pressure to return the aircraft to
service on time. Additionally, each group member must claim individual
responsibility for mistakes made, rather than blaming others (Kraus &
Gramopadhye, 2000).
Kraus & Gramopadhye (2000) argued that effective communication is
essential for inspection and maintenance tasks. For example, inspectors check an
aircraft for cracks and other defects. After inspecting the aircraft, a report is
developed indicating what they found. This report is then used to inform other
2maintenance technicians regarding what to repair. In most situations, the inspector
will directly communicate with a leader of the maintenance technicians, who, in
turn, is charged with informing his or her group of the inspection.
The mechanics will then work on the aircraft until their shift ends, after
which they will transfer the job to the next group of mechanics. The previous
group leader will inform the next group leader of what the previous group has and
has not accomplished. The mechanics show their work to a different inspector to
make sure the job has met required specification standards. During the process,
inspectors and mechanics must communicate with each other effectively and
organize the necessary jobs with other mechanics and inspectors (Gramopadhye
& Drury, 2000).
Many experienced maintenance technicians have been able to improve
their communication skills over the years. Unfortunately, these highly effective
skills stand to be lost when these individuals retire. As a matter of practice,
younger and/or less experienced maintenance technicians will be tasked with
filling the void left by these individuals and finding an effective means of
communicating with other team members. If they lack critical communication
skills, unnecessary errors may occur.
In a study of team communication in the medical field, researchers found
that when there were communication problems, they tended to occur between
members of the same team (Davies, 2004). This is also true in the airline
maintenance field, where one of the main reasons errors have occurred is because
3of communication problems between team members (Hobbs & Williamson,
2003). Many of these communication errors could be avoided if mechanics were
taught how to communicate more effectively.
In order to assess the communication issues during shift changes, students
at a 14 CFR Part 147 school participated in three related experiments. Information
was collected to assess how students processed their assigned tasks within a given
time period. The accuracy of related information for each student was measured in
both verbal and written communication. In addition, data collected provided
insight for possible reasons errors arose during certain assigned tasks. Based on
the analyses, suggestions are presented as to which training program methods may
be better suited to improving communication during shift turnover.
The main problem
Most FAA 14 CFR part 147 schools do not typically focus on teaching
students how to communicate effectively. The FAA has stated that Part 147
schools have developed curricula which actually encourage students to compete
with one another; in addition, these schools do not entirely train their students for
practical team activities (Kraus & Gramopadhye, 2000). This lack of teamwork
training at schools can lead to communication problems. Therefore, investigating
how to reduce errors due to miscommunication between team leaders and
members is necessary. Finding a solution to decrease miscommunication
problems could have a positive impact on FAA maintenance professionals and
their work, especially during shift turnover. Maintenance technicians need to build
4communication skills early in their careers to learn to cooperate and collaborate
with others so that they are able to diagnose problems, take proper actions, repair
or replace defects, and return aircraft to service on time.
Hypothesis
It is hypothesized that there will be a significant difference between the
communication of team leaders and members in shift change meetings as a result
of the communication methods used. It is further hypothesized that
communication between team leaders and members will be significantly
improved with the use of visual aids.
5CHAPTER 2
Literature Review
Shift Handover Definition
Shift handover is the communication between people of different shifts in
order to exchange information relating to their jobs (Miles, 2009). No matter what
type of work circumstances people are in, shift handover is a vital and necessary
component. If people from the first shift do not communicate well with people
from the next shift or if they do not make an adequate record with which to share
information, the second shift group has a much greater chance for error. Shift
handover techniques have been developed and practiced in many industries in
order to significantly improve operations. However, despite all the improvement,
all it takes is one miscommunication to cause a disastrous situation.
Nuclear Accident Study
The nuclear accident at Sellafield Works of British Nuclear Fuels Ltd.
(BNFL) in November, 1983 is one of the most famous accidents that occurred due
to miscommunications between shifts (Charlsworth, 1987). According to Miles
(2009), it occurred when one shift of maintenance workers were shutting down a
plant in order to perform a scheduled twelve-month maintenance program. The
author stated that because of miscommunication made by both shifts, a container
which was thought to be full of appropriate fluid for release into the ocean
actually contained radioactive fluid. It was released into the ocean causing a
dangerous situation for the sea environment. The investigators also found that
6there were some wording errors in a maintenance log book which contributed to
the miscommunication. The author commented that during a time period of
unusual plant maintenance activity, workers from the second shift misunderstood
what the previous shift of workers said; therefore, the second shift maintenance
workers caused a disaster while transferring fluid which they thought was from
high activity plant washings (HAPW) to Sea Tank 1 (ST 1) (Charlsworth, 1987).
Human Error in Aircraft Maintenance
One of the industries where shift handover communication is most
important is the airline industry. Passengers put their lives into the hands of the air
traffic controllers, mechanics, and pilots each time they decide to use air
transportation. Due to mistakes made by these workers, though, things do not
always work out the way they should. Since the beginning of commercial flight
there have been countless accidents caused by human factors within the airline
industry. As a result of these accidents, consumers around the world may develop
a fear of flight as a mode of transportation.
Latorella and Prabhu (1997) stated that most of the research in the past
regarding accidents has focused on pilot error, but more recently errors made by
mechanics have come into consideration as well. They described definitions as
outlined in previous research to show that human error has been categorized in a
few specific ways, to include any set of personal actions that exceeds a set limit of
acceptability (Swain & Guttman, 1980). It can mean any personal action or
inaction that exceeds the expectations set by authority (Lorenzo, 1990). Also,
7there may be a failure to succeed beyond a simple random occurrence (Reason,
1990). In addition, the Human Reliability Analyses (HRA) also defines human
errors as the non-fulfillment of the performance of an action, the inability to
safely complete an action accurately or on time, or doing something that wasn’t
required that has a negative effect on the desired outcome (Latorella & Prabhu,
1997). These definitions show that humans, much like machines, make mistakes
and errors occasionally occur due to the environments in which they work.
According to Reason (1990), there are three ways in which human errors
can be classified including behavioral, contextual, and conceptual. Behavioral
classification is described as human errors that are easily observable, such as the
omission of something, the committing of an incorrect act, or the addition of
something extraneous. Contextual classification is described as mistakes that are
made due to the environment in which someone is working. Conceptual
classification is described as mistakes that occur due to basic, unsurprising human
behavior.
Latorella and Prabhu (1997) also stated that these classifications need to
be understood in order to determine the correct way to respond to a human error.
Performance is determined by the situations and environments in which it occurs.
There are many things that contribute to the occurrence of an error and it is
usually easier to change how a process is done rather than trying to change the
person performing the process. In order to effectively determine a response to a
8human error, these reasons should all be taken into account rather than just
blaming the person who made the error (Reason, 1990).
Human errors occurring in the aviation maintenance field often occur due
to the complexity of modern aircraft. Due to the new technologies used on these
airplanes, specialized knowledge is required to make many of the repairs that are
needed. There are also many people who work on an aircraft during inspection
and repair. The combination of these factors can lead to an environment in which
mistakes are easily made (Latorella & Prabhu, 1997).
A study conducted by Drury (1996) focusing on the Civilian Aviation
Authority (CAA) in the United Kingdom (UK) seemed to indicate that most errors
occurred due to parts being installed incorrectly, parts not being fitted right,
problems with the electrical wiring, technicians forgetting to remove tools from
the aircraft after parts were installed, too little lubrication being used, unsecured
aircraft accessories, and ground lock pins from landing gear not being taken out
before departure.
Maintenance technicians are always under tremendous pressure to ensure
that the planes they repair get to their destinations safely. However, if mistakes in
human error are made as mentioned above, it could easily lead to the loss of the
lives of the pilots, cabin attendants, and passengers. One example of human error
by maintenance technicians is Alaska Airlines flight 261. Mawhinney (2007)
stated that the cause of the crash of the MD-80 and the loss of the lives of 88
people on January 31, 2000 was the inappropriate application or absence of grease
9on both the jackscrew and acme nut assembly by the maintenance technicians.
This caused the complete loss of control of the horizontal stabilizer, which led to
the loss of longitudinal pitch control.
Now that more focus is being put on the fact that human errors are made
by maintenance technicians and not just pilots, airlines are looking for ways to
reduce the number of mistakes made by the technicians in order to improve the
safety, reliability, and service of their aircraft. One area in particular is that of
team shift turnover by aircraft maintenance technicians.
Airline Shift Turnover Study
In support of the industry, the FAA has conducted extensive research
focused on improving aviation safety in the US. Others have also studied aviation
safety internationally and found safety to be a major concern of passengers there
as well (Gilbert & Wong, 2002). Commercial airlines themselves also invest a
great deal of money to providing safe and comfortable travel for their customers.
Aviation maintenance technicians work diligently to ensure aircraft meet flight
standards.
Maintenance technicians’ shifts are divided into a morning, evening, and
night shift. During the morning and evening shift, maintenance technicians
perform line maintenance after an airplane arrives at a gate. They also work on
aircraft in the hangar and respond to any technical issues and emergency problems
that may occur throughout the day. During the night shift, the mechanics work
exclusively in the hangar to perform maintenance checks as well as conduct heavy
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maintenance such as repairs or replacing parts on the airplanes. Leaders of
maintenance technician groups and inspectors from the morning shift
communicate with leaders of maintenance technician groups and inspectors from
the evening shift regarding the maintenance details of their shift before the
evening shift starts. Then leaders of maintenance technician groups and inspectors
from the evening shift communicate with leaders of maintenance technician
groups and inspectors from the night shift leaders. They talk to their team
members about what they need to work on during their shift. The next morning,
leaders and inspectors of the night shift communicate to the leaders from the
morning shift regarding all the work that has been accomplished.
According to research done by Parke, Patankar and Kanki (2003), the
majority of communication problems in the aircraft maintenance field (51%) are
related to shift turnover. These researchers used the NASA Aviation Safety
Reporting System (ASRS) reports that were related to communication issues
involving maintenance shift turnover, as well as the Boeing Maintenance Error
Decision Aid (MEDA) coding system to analyze 1,182 ASRS maintenance
incident reports.
MEDA, which is used for categorizing and evaluating incidents caused by
aircraft maintenance technicians of airlines, indicated that 50% of incidents
occurred when mechanics installed parts onto the aircraft. Of these incidents, 26%
occurred when parts were installed incompletely, 17% occurred when the wrong
parts were installed, and 17% occurred when the installed parts were not working
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correctly or had been deactivated. The researchers also discovered that the three
most common communication errors during shift turnover were during inspection
(61%), MEL (48%), and installation (46%) (Parke & Kanki, 2008).
According to Parke, Patankar, and Kanki (2003), the items that contributed
most to the reduction of communication errors in shift turnover were the use of
work cards (46%), the use of manuals (19%), and briefings (15%). The
researchers stated that if an accurate and complete work is card provided, a
significant number of mistakes in shift turnover would be reduced. Face-to-face
briefings were also helpful in decreasing the number of errors in shift turnover.
The researchers believed that written documentation, along with verbal
communication, was a necessary item of support when conveying information
between the two shifts. As mentioned above, errors during inspection accounted
for 61% of all communication errors in shift turnover.
The same researchers commented that it was not only the mechanics who
made mistakes in shift turnover, but the inspectors also made significant errors
when checking the parts and signing off the documents. The researchers also
believed that shift turnover problems occurred more often when maintenance
technicians worked on scheduled maintenance (Parke, Patankar, & Kanki, 2003).
Three methods have been suggested in order to improve maintenance errors. They
are stopping error propagation, having better written documentation, and direct
verbal briefings to alleviate a significant number of shift turnover issues (Parke &
Kanki, 2008).
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Stopping error propagation is to check the work done by mechanics from
the previous shift. About 50% of the errors could have been avoided if mechanics
had checked the work done by the mechanics from the previous shift. In one
example, the mechanics from one shift requested a wrong part and then
mechanics from the next shift did not check to make sure it was the right part
before installing it on an airplane (Parke & Kanki, 2008). Having better written
documentation is a necessity since 41% of total maintenance technicians claimed
that there was a lack of information provided in work cards, maintenance
manuals, logbooks, turnover documentation, and documents in general. Direct
verbal briefings were suggested because the mechanics received information
indirectly from the leaders of their groups. For example, a leader of a previous
shift gave information to a leader of the next shift and then that next shift leader
gave it to his/her mechanics who worked on the assigned tasks. The mechanics
then reported back to their leader before their shift was over, and the leader then
passed that information on to the next shift leader. Direct communication from a
leader of a previous group to both a leader and the mechanics in the next group
allows for a chance to ask questions, get better information, and make quick and
accurate decisions on what actions need to be taken for the next shift. Face to face
turnover is highly recommended for communication between mechanics because
the incoming mechanics can directly ask the previous shifts’ mechanics questions,
and correct items are able to be given to the mechanics that are going to take over
the previous mechanics’ jobs (Parke & Kanki, 2008).
13
Face-to-face communication also allows for information transfer through
the use of gesture, eye contact, tones of voice, and degrees of confidence (Parke
& Kanki, 2008). Feedback can also increase precision in communication; telling
the next steps to the next shift mechanics should be attempted in order to reduce
the risk of erroneous steps (Parke, Patankar, & Kanki, 2003).
In order to improve shift turnover errors, Lardner (1996) stated that
managers or supervisors should allow their workers as long as they need to
communicate and transit information accurately during shift meetings.
Documentation such as manuals, work cards, or other written reports must be
used in order to assist in conveying details of information to the next shift
mechanics (Parke & Kanki, 2008). If those materials are clearly and precisely
explained, they may be able to decrease erroneous mistakes during shift turnover
(Taylor & Thomas, 2003).
Written Documentation Study
There appears to be three significant factors necessary to the improvement
of written communication: workers’ involvement; the use of clearly formatted
forms of forms; and evaluation of performance (Taylor & Thomas, 2003). Written
turnover is defined as a work document which is handed from one shift group to
other groups during the maintenance procedures. This achieves two goals
including descriptive turnover and prescriptive turnover.
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Descriptive turnover shows what the previous mechanics have done or
what jobs are left by them. Prescriptive turnover gives information on the next
steps of work for the next shift (Taylor & Thomas, 2003).
In their investigation, Taylor and Thomas (2003) studied 1,063 volunteer
mechanics and found the clarity of their written documents were the same in both
descriptive turnover and prescriptive turnover; however, they wrote extra words
of explanation on the prescriptive turnover. The researchers discovered that
mechanics would make mistakes in their paperwork if they were not informed
about paperwork procedures. They also found there was a deficiency in support
from management to develop improvements in communication. These researchers
believed that the managers should give their mechanics as long as needed to write
a report so that the written report can be more legible and clear in order to convey
information accurately. They also believed that the mechanics should be able to
talk to their managers to get more assistants from them.
Study of Shift Change Activity
Considering the findings of the two studies above, Jiang, Master, Kelkar,
and Gramopadhye (2002) attempted further research in the maintenance field with
the help of 275 volunteers in various areas of the maintenance field. Their study
included maintenance sites in three separate locations in the US at different times
throughout the shifts. The researchers followed inspectors and mechanics at the
various sites, took part in shift meetings, and asked questions while observing
them. They observed activities and teams from both the daytime and nighttime
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shifts in order to evaluate how shift changes were handled between the different
shifts.
During their study of shift change activity, the researchers made some
general observations when the remaining work was handed off from one shift to
the next (Jiang et al., 2002). Their initial observation was that there was no set
procedure for the teams to follow during the shift change. Most of the meetings
were run primarily with the use of oral communication. Even when there were
established procedures set up for the meetings, they were often not followed.
Often-times the procedures were not accessible and the meetings were usually not
held in an appropriate place but were often conducted in areas with a lot of noise
that was distracting to the meeting participants. They also found that when the
mechanics communicated with each other face-to-face during shift meetings, they
often added unnecessary information not related to the task at hand. Additionally,
depending on the person leading the meeting, the amount of detail and the subject
matter of the meetings varied (Jiang et al., 2002).
Other problems were found in the transfer of written information. There
was no standard procedure for how progress on work is recorded. Mechanics
often had to get written information from multiple places adding to the
complication. There was also no effective system for transferring information
about materials and tools used from one shift to the other. Another problem was
the lack of training, possibly due to not having a dedicated instructor to train
mechanics, along with poor shift change procedures, a lack of safety promotion
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during shift change from management, and the unavailability of printed guidelines
and procedures for mechanics that was accepted all through the industry. As a
result of this lack of industry-wide guidelines for shift turnover, the airlines were
forced to develop their own procedures. Even then, the procedures they developed
were not enforced and sometimes not even relayed to the mechanics who
participated in the shift change (Jiang et al., 2002).
Communication, interpersonal relationships, leadership, and decision
making (Jiang et al., 2002) were found to be very important in the success of shift
changes; however, most airlines had nothing in place to instruct mechanics in
these areas. Research showed a lack of visual aids to support the mechanics and
supervisors. The supervisors often had to depend on their recall, experience, and
discernment in order to make work assignments, organize meetings, and
determine work status. Technicians also had to use their memory and judgment
during the meetings.
These researchers designed some solutions to reduce the amount of errors
in shift turnover. The first of these was to put some procedures into effect that
would lead to an industry-wide standard for shift change meetings. Next, they
described the important of mechanics and inspectors in completing a status report
at the end of their shift that stated at what point they were in their work, the
location of their tools, and any other comments they felt were necessary for the
mechanics on the next shift. Once the status report was completed, it was to be
stamped by the mechanic who had completed it (Jiang et al., 2002).
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Jiang et al. (2002) also suggested procedures for the supervisors to
conduct meetings. The suggestions included collecting the written reports from
each of the mechanics, reviewing them, checking to make sure the completed and
uncompleted work was accurate, and then holding a meeting in a designated area
with no distractions. Attendance at these meetings would be required of all
mechanics that worked that shift and should focus only on aspects that are related
to that day’s work. The supervisor should encourage the mechanics by
emphasizing their contribution towards obtaining their goals. After the meeting is
over, the supervisor should revisit the work area with the mechanics to ensure that
everything had been correctly completed and reported. They also felt that it was
critical that sufficient time be given to allow for appropriate shift change. This
could be accomplished by giving a half-hour shift overlap to inspectors and an
hour shift overlap for supervisors so that the transfer of work could occur properly
and employees were not rushed to convey information (Jiang et al., 2002).
Another way to improve performance of shift change procedures is
training. Protocol training, the initial step, should cover the correct way to
perform a shift change. It should emphasize the correct procedures of a shift
change, the use of written and visual aids, and the correct meeting procedures.
The second step, team training, should focus on communication, leadership,
interpersonal relationships, and decision-making (Jiang et al., 2002).
By identifying the problems that occur during shift turnover and
suggesting ways in which it can be improved, Jiang et al. (2002) have shown that
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there are numerous points that need to be addressed in the aircraft maintenance
field. This is also true in other fields as well, one of which is the medical field.
Study of Handover in the Nursing Field
In the medical field Wilson, Galliers, and Fone (2006) conducted a study
of ‘handover,’ which is the passing of work from one person or group to the next,
when using a large display at a shift change meeting. Before a shift is accepted by
other doctors and nurses, a meeting is held, and a written report which is either a
print-out of a word processed document or a handwritten summary in a page-a-
day diary, and included important information such as patients’ names, ages,
conditions, treatments, and lists of what steps are necessary for them next is
provided during a presentation to support their information. Those written reports
were kept in a specific drawer at a nursing station where doctors and nurses could
review make updates necessary.
During the meeting, the written report was not available for the next shift
employees; therefore, they had to take notes or memorize what the previous shift
employees presented at the meeting. After the meeting, it was made available to
them. The researchers believed that visual aids like a large display could be used
to improve the effectiveness of delivering the information during the meeting, and
as a result, a large display was provided to see how employees could accurately
absorb information given to them by other employees. One of the nurses
commented that it was easy to remember what information was provided, and
others said it was a useful resource. Other employees also mentioned that the
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large display assisted in making them focus more on the subjects and helped them
to concentrate on getting as much information as they could. A doctor said he
would not remember the given information easily. Clarification questions (e.g.
checking a patient’s name or age) and error detection (e.g. wrong consultant,
wrong medication in the summary) are often presented during the handover shift
meeting (Wilson et al., 2006).
Through the use of the large display, employees could ask questions about
what they saw on the written report that was not stated during the presentation,
and they could ask the presenter about missing information on the written report.
Employees attempted to write words more clearly and neatly because their hand
writing was shared on the large display that was available for employees who
went into the meeting room. The employees who had previously only briefly
looked at the written report started to read the large display more carefully. In
addition, they became more active at work. They checked the report as necessary
and shared information more naturally with other employees. Doctors, especially
those at the senior level, began to review the information on the display at every
briefing meeting (Wilson et al., 2006).
Summary
Human errors are serious problems in any working environment. Minor
mistakes made by humans can lead to catastrophic accidents and failures of
working functions. One of the areas where human errors have been determined to
be a serious problem is in aircraft maintenance shift turnover. There are three
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categories in which human error occurs in this field, inspection, installation, and
the MEL. By the recognition and study of these errors in shift turnover, the
researchers have discovered that there are measures that can be taken to minimize
mechanics errors. These findings show that it would be advantageous to delve
further into the study of shift turnover miscommunications.
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CHAPTER 3
Method
Participants
Fourteen students from a local community college having FAA 14 CFR
Part 147 certification were recruited to participate in one of four groups. Each
student volunteered to participate in the study and signed a consent form in
accordance with Arizona State University (ASU) Institutional Review Board
(IRB) requirements. An instructor from the school cooperated with this study to
obtain data.
Materials and Procedures
The tasks for this study were based on a project already created by the
community college instructor. It was selected to evaluate how well students
communicate with each other and how much information students absorb through
the use of three related treatments: oral-only communication; use of a whiteboard
with written reports; and use of a template- shaped by an electrical tape on the
whiteboard with written reports.
The students were divided into two groups of three and four participants
each. A team leader was chosen from each group by the students.
The tasks were to remove, inspect, and reinstall fire bottles on engines
from a T-39 military jet. Group A was paired with Group B (three students each),
while Group C was paired with Group D (four students each). Each member
completed a pre-treatment survey. On a scale of 1 (meaning strongly disagree) to
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7 (meaning strongly agree), the students were asked to rate the clarity of the
information transmitted, received, and generally communicated by team leaders,
themselves, and other members of their team. Similarly, team leaders were asked
to rate the clarity of their information to their teams and the next “shifts.” See
Table 1 and Appendix A.
Table 1
Participating Team Rotation
Experiments Verbal
Communication
Whiteboard and
Written Report
Template and
Written Report
Time 30 minutes 15 minutes 15 minutes
Group Rotation
(3 participants)
AB AB BA
AC
Group Rotation
(4 participants)
CD
DC
CD DC
Treatments. This study consisted of three treatment levels.
In the first treatment, the team leader orally explained to his team of a set
of tasks they were to perform. This was performed without any visual aids during
a “pre-shift” meeting. The team was allowed a limit of 5 minutes to discuss those
tasks and then another 30 minutes to perform them. The leader then had 5 minutes
to tell the following team what his team finished and what the next team needed
to complete. During this meeting, the second team had a chance to ask the
previous team leader questions. The second team then had 30 minutes to perform
their tasks. After the treatment was completed, all of the students were given a
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Treatment Completion Survey (TCS; see Appendix A). The teams were then
switched, allowing the leaders from Teams B and D to have a chance to talk to the
members of Teams A and C, respectively. After the second trial was completed,
the students were given another TCS to complete.
In the second treatment, the teams were given the same problem and asked
to perform the same type of tasks as the first treatment. This time, however, the
leaders were allowed to use a blank whiteboard and written reports as visual aids.
The time limit for the tasks was reduced from 30 to 15 minutes; since they had
previously done the tasks in Treatment 1, it would not take the teams as much
time to complete the tasks again. Also, a “Safety and Settings” category was
added to the checklist as part of a class requirement. After completing the tasks,
the team members wrote down what they had accomplished on maintenance log
forms and gave them to their team leader. The first team leader then passed these
logs on to the second team for their use. The rest of the treatment proceeded
identically to the first including completing TCSs.
In the third treatment, the task completion time limit was again kept to 15
minutes with the “Safety and Settings” category also retained. A template made
out of electrical tape on the whiteboard was used as a visual representation of the
aircraft parts in addition to the written report. During each meeting, students were
allowed to take notes, and these notes were collected after their assignments were
done. Another TCS was completed.
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CHAPTER 4
Results
Data Analysis
The averages scores for each TCS for both team leaders and members are
shown on Table 2 below:
Table 2
Averages Scores for Each Survey
Leaders Oral
Communication
Whiteboard and
Written Report
Template and
Written Report
First Shift 5.5 5.8 5.2
Shift Change 5.2 5.5 4.5
Second Shift 4.9 5.5 5.8
Members Oral
Communication
Whiteboard and
Written Report
Template and
Written Report
First Shift 5.4 6.0 5.4
Second Shift 4.9 5.4 5.8
A two-way Analysis of Variance (ANOVA) without replication was used
to analyze the given data after the averages scores displayed in Table 2. Results
were run for each set of (Leader and Member) data, with the results summarized
in Table 3. “Shift Change” refers to the time when each leader collected
information from the members of their own team.
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Table 3
Leaders’ Averages
Treatments Oral
Communication
Whiteboard and
Written Report
Template and
Written Report
Average 5.2 5.6 5.2
Shifts First Shift Shift Change Second Sift
Average Size 5.5 5.1 5.4
Members’ Averages
Treatments Oral
Communication
Whiteboard and
Written Report
Template and
Written Report
Average 5.2 5.7 5.6
Shift First Shift Second Shift
Average Size 5.6 5.4
None of the above treatment effects were found to be significant (p>> 5%) as
reflected in Table 4 and Table 5.
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Table 4
ANOVA: Two-Factor Without Replication-Leaders
SUMMARY Count Sum Average Variance
First Shift 3 16.5 5.50 0.09
Shift Change 3 15.2 5.05 0.26
Second Shift 3 16.2 5.40 0.21
Oral Communication 3 15.6 5.18 0.09
Whiteboard and Written Report 3 16.8 5.60 0.03
Template and Written Report 3 15.5 5.17 0.42
ANOVA
Source of Variation SS Df MS F
P-
value
F
crit
Variation Between Each Treatment 0.335 2 0.1675 0.89 47.9% 6.94
Variation Between Shifts 0.362 2 0.1808 0.96 45.6% 6.94
Error 0.753 4 0.1883
Total 1.45 8
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Table 5
ANOVA: Two-Factor Without Replication-Members
SUMMARY Count Sum Average Variance
First Shift 3 16.8 5.60 0.12
Second Shift 3 16.1 5.37 0.20
Oral Communication 2 10.3 5.15 0.13
Whiteboard and Written Report 2 11.4 5.70 0.18
Template and Written Report 2 11.2 5.60 0.08
ANOVA
Source of Variation SS df MS F
P-
value F crit
Variation Between Each Treatment 0.082 1 0.0817 0.54 53.9% 18.51
Variations Between shifts 0.343 2 0.1717 1.13 46.9% 19.00
Error 0.303 2 0.1517
Total 0.728 5
Summary of Results
Comparing these results, no significant differences were found between
the three treatments. One issue is that our sample sizes were small (implying beta
errors). A second possible issue is that the participants were insufficiently critical
of themselves and of the transitioning team leaders, while a third possibility is that
the task was too easy for the selected students. These issues are discussed in the
next chapter.
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CHAPTER 5
Discussion
Experimented Issues
As previously discussed, no significant differences were found between
the three treatments. We identified three likely reasons for this.
The first issue is the small sample size; only fourteen students participated
in the study. Indeed, β errors are more likely to occur for small n (Berenson &
Levin, 1999). This situation is exacerbated due to our then dividing these 14
students into four smaller groups of 3 or 4 each.
A second possibility was an apparent lack of criticalness by the
participants during the survey evaluations. That is, the students tended to rate
themselves and each other with high scores regardless of the treatment conditions.
Consequently, there tended to be very little variance in the scores between the
treatments (Table 4). It might be necessary to train subjects in future studies on
what is considered good versus bad communications.
Related to this, a third possible issue is that the task itself was too easy.
Recall that we had cut the task time in half (from 30 to 15 minutes) after the first
set of trials. Had we picked a much more complex and difficult project, then there
would have been a greater chance for increased miscommunications, resulting in
lower TCS scores.
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Future Considerations
Despite the fact that there were no statistical differences between the three
treatments, the whiteboard and the written report treatment did indicate some
promise of becoming significant if any or all of the above issues are adequately
addressed. Future studies should reconsider the contrast of simple oral
communications versus use of a whiteboard, with or without a written report.
More independent future researchers should also consider alternate data
gathering methods, such as quizzes and surveys. These should include an
information inventory so as to better assess and measure communication
accuracy.
Another consideration would be to include students who are at different
levels in their program (e.g. varying skill levels). For example, students who are
just starting their program would likely perform differently than students who are
in Airframe or Powerplant courses. Including all such students for a specific study
using the same methods would likely show significant differences between the
treatment levels. This would also facilitate being able to employ larger sample
sizes overall.
It might also be interesting to set up a shift rotation by having morning
students and night students collaborate to create an atmosphere that is more
reflective of an actual working environment. It would also be useful to have a
control group complete the activities in a more controlled set of conditions, such
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as in an office or classroom. This may also provide insight into how
environmental factors impact performance.
Summary
As time goes by, a possible shortage of effective aircraft mechanics around
the world could become a serious matter. Veteran technicians will eventually
retire so younger generations will have to take their place. According to the FAA,
there is a lack of teamwork experience in these schools that leads to
communication problems in real world environments (Kraus & Gramopadhye,
2000). While this study failed to detect any significant differences between its
treatment levels, it did pave the way for better studies in the future. Certainly, the
issue and criticality of effective maintenance technician communications during
shift changes will not diminish. We must still find ways to best ensure that
effective communications take place for all of our air flight safety and well being.
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APPENDIX A
SURVEY
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Treatment One: No visual Aid
Leader from Group 1:
Questions Ratings
(1 is strongly disagree, 4 is neutral,
and
7 is strongly agree)
1. I provided clear explanation to
my group members. 1  2  3  4  5  6  7
2. My group members asked
questions during the meeting
time period.
1  2  3  4  5  6  7
3. There was some confusion
between my group members. 1  2  3  4  5  6  7
4. If you circled 5 or higher on the
question 3, please briefly explain
the reason why there was some
confusion?
5. My group members spoke to me
clearly when they communicated
with me.
1  2  3  4  5  6  7
6. I received clear information from
my group members. 1  2  3  4  5  6  7
7. My group members followed my
directions. 1  2  3  4  5  6  7
8. Overall, communication between
my group members and myself
went well.
1  2  3  4  5  6  7
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Treatment One: No visual Aid
Members from Group 1:
Questions Ratings
(1 is strongly disagree, 4 is neutral,
and
7 is strongly agree)
1. My leader explained clearly
what the given assignments
were.
1  2  3  4  5  6  7
2. There was some confusion
between group members. 1  2  3  4  5  6  7
3. If you circled 5 or higher on
the question 2, please briefly
explain the reason why there
was some confusion?
4. I understood what my leader
was telling me. 1  2  3  4  5  6  7
5. My leader answered my
questions clearly. 1  2  3  4  5  6  7
6. My leader understood what I
was telling him/her. 1  2  3  4  5  6  7
7. My leader asked questions
clearly to gather information
from me.
1  2  3  4  5  6  7
8. Overall, communication
between my group members
and myself went well.
1  2  3  4  5  6  7
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Treatment One: No visual Aid
(Group 2)
Leader from Group 1:
Questions Ratings
(1 is strongly disagree, 4 is neutral,
and
7 is strongly agree)
1. I gave clear information to the
next group members. 1  2  3  4  5  6  7
2. The next group members clearly
understood what I explained to
them.
1  2  3  4  5  6  7
3. There was some confusion
between the next group
members and myself.
1  2  3  4  5  6  7
4. If you circled 5 or higher on the
question 3, please briefly
explain the reason why there
was some confusion?
5. I was asked some questions by
the next group members. 1  2  3  4  5  6  7
6. Overall, communication
between the next group
members and myself went well.
1  2  3  4  5  6  7
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Treatment One: No visual Aid
(Group 2)
Leader from Group 2:
Questions Ratings
(1 is strongly disagree, 4 is neutral,
and
7 is strongly agree)
1. My group members clearly
received the information from
the previous group leader.
1  2  3  4  5  6  7
2. My group members spoke
clearly when they
communicated with me.
1  2  3  4  5  6  7
3. There was some confusion
between my group members. 1  2  3  4  5  6  7
4. If you circled 5 or higher on the
question 3, please briefly
explain the reason why there
was some confusion?
5. I received clear information
from my group members. 1  2  3  4  5  6  7
6. My group members followed
my directions. 1  2  3  4  5  6  7
7. Overall, communication
between my group members and
myself went well.
1  2  3  4  5  6  7
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Treatment One: No visual Aid
(Group 2)
Members from Group 2:
Questions Ratings
(1 is strongly disagree, 4 is neutral,
and
7 is strongly agree)
1. The leader from the previous
group spoke clearly when giving
me information.
1  2  3  4  5  6  7
2. I understood what the previous
group leader was telling me. 1  2  3  4  5  6  7
3. My leader answered my
questions clearly. 1  2  3  4  5  6  7
4. My leader understood what I was
telling him/her. 1  2  3  4  5  6  7
5. My leader asked questions
clearly to gather information
from me.
1  2  3  4  5  6  7
6. There was some confusion
between my group members. 1  2  3  4  5  6  7
7. If you circled 5 or higher on the
question 6, please briefly explain
the reason why there was some
confusion?
8. Overall, communication between
my group members and myself
went well.
1  2  3  4  5  6  7
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Treatment Two: Whiteboard and Written Report
Leader from Group 1:
Questions Ratings
(1 is strongly disagree, 4 is neutral,
and
7 is strongly agree)
1. I provided clear explanation
to my group members. 1  2  3  4  5  6  7
2. My group members asked
questions during the meeting
time period.
1  2  3  4  5  6  7
3. There was some confusion
between my group members. 1  2  3  4  5  6  7
4. If you circled 5 or higher on
the question 3, please briefly
explain the reason why there
was some confusion?
5. My group members spoke to
me clearly when they
communicated with me.
1  2  3  4  5  6  7
6. I received clear information
from my group members. 1  2  3  4  5  6  7
7. The written reports provided
by my group members were
legible and clear to read.
1  2  3  4  5  6  7
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8. My group members followed
my directions. 1  2  3  4  5  6  7
9. Overall, communication
between my group members
and myself went well.
1  2  3  4  5  6  7
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Treatment Two: Whiteboard and Written Report
Members from Group 1:
Questions Ratings
(1 is strongly disagree, 4 is neutral,
and
7 is strongly agree)
1. My leader explained clearly
what the given assignments
were.
1  2  3  4  5  6  7
2. There was some confusion
between group members. 1  2  3  4  5  6  7
3. If you circled 5 or higher
on the question 2, please
briefly explain the reason
why there was some
confusion?
4. I understood what my
leader was telling me. 1  2  3  4  5  6  7
5. My leader answered my
questions clearly. 1  2  3  4  5  6  7
6. My leader understood what
I was telling him/her. 1  2  3  4  5  6  7
7. My leader asked questions
clearly to gather
information from me.
1  2  3  4  5  6  7
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8. My leader asked questions
about what I wrote on the
written report.
1  2  3  4  5  6  7
9. I wrote information legibly
on my written report. 1  2  3  4  5  6  7
10. Overall, communication
between my group
members and myself went
well.
1  2  3  4  5  6  7
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Treatment Two: Whiteboard and Written Report
(Group 2)
Leader from Group 1:
Questions Ratings
(1 is strongly disagree, 4 is neutral,
and
7 is strongly agree)
1. I gave clear information to the
next group members. 1  2  3  4  5  6  7
2. The next group members
clearly understood what I
explained to them.
1  2  3  4  5  6  7
3. There was some confusion
between the next group
members and myself.
1  2  3  4  5  6  7
4. If you circled 5 or higher on
the question 3, please briefly
explain the reason why there
was some confusion?
5. I was asked some questions
by the next group members.
1  2  3  4  5  6  7
6. Overall, communication
between the next group
members and myself went
well.
1  2  3  4  5  6  7
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Treatment Two: Whiteboard and Written Report
(Group 2)
Leader from Group 2:
Questions Ratings
(1 is strongly disagree, 4 is neutral,
and
7 is strongly agree)
1. My group members clearly
received the information from
the previous group leader.
1  2  3  4  5  6  7
2. My group members spoke
clearly when they
communicated with me.
1  2  3  4  5  6  7
3. There was some confusion
between my group members. 1  2  3  4  5  6  7
4. If you circled 5 or higher on
the question 3, please briefly
explain the reason why there
was some confusion?
5. I received clear information
from my group members. 1  2  3  4  5  6  7
6. The written reports provided
by my group members were
legible and clear to read.
1  2  3  4  5  6  7
7. My group members followed
my directions. 1  2  3  4  5  6  7
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8. Overall, communication
between my group members
and myself went well.
1  2  3  4  5  6  7
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Treatment Two: Whiteboard and Written Report
(Group 2)
Members from Group 2:
Questions Ratings
(1 is strongly disagree, 4 is neutral,
and
7 is strongly agree)
1. The leader from the previous
group spoke clearly when
giving me information.
1  2  3  4  5  6  7
2. I understood what the
previous group leader was
telling me.
1  2  3  4  5  6  7
3. My leader answered my
questions clearly. 1  2  3  4  5  6  7
4. My leader understood what I
was telling him/her. 1  2  3  4  5  6  7
5. My leader asked questions
clearly to gather information
from me.
1  2  3  4  5  6  7
6. My leader asked questions
about what I wrote on the
written report.
1  2  3  4  5  6  7
7. I wrote information legibly on
my written report. 1  2  3  4  5  6  7
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8. There was some confusion
between my group members. 1  2  3  4  5  6  7
9. If you circled 5 or higher on
the question 3, please briefly
explain the reason why there
was some confusion?
10. Overall, communication
between my group members
and myself went well.
1  2  3  4  5  6  7
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Treatment Three: Template on Whiteboard and Written Report
Leader from Group 1:
Questions Ratings
(1 is strongly disagree, 4 is neutral,
and
7 is strongly agree)
1. I provided clear explanation
to my group members. 1  2  3  4  5  6  7
2. My group members asked
questions during the meeting
time period.
1  2  3  4  5  6  7
3. There was some confusion
between my group members. 1 2  3  4  5  6  7
4. If you circled 5 or higher on
the question 3, please briefly
explain the reason why there
was some confusion?
5. My group members spoke to
me clearly when they
communicated with me.
1  2  3  4  5  6  7
6. I received clear information
from my group members. 1  2  3  4  5  6  7
7. The written reports provided
by my group members were
legible and clear to read.
1  2  3  4  5  6  7
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8. My group members followed
my directions. 1  2  3  4  5  6  7
9. Overall, communication
between my group members
and myself went well.
1  2  3  4  5  6  7
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Treatment Three: Template on Whiteboard and Written Report
Members from Group 1:
Questions Ratings
(1 is strongly disagree, 4 is neutral,
and
7 is strongly agree)
1. My leader explained clearly
what the given assignments
were.
1  2  3  4  5  6  7
2. There was some confusion
between group members. 1  2  3  4  5  6  7
3. If you circled 5 or higher
on the question 2, please
briefly explain the reason
why there was some
confusion?
4. I understood what my
leader was telling me. 1  2  3  4  5  6  7
5. My leader answered my
questions clearly. 1  2  3  4  5  6  7
6. My leader understood what
I was telling him/her. 1  2  3  4  5  6  7
7. My leader asked questions
clearly to gather
information from me.
1  2  3  4  5  6  7
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8. My leader asked questions
about what I wrote on the
written report.
1  2  3  4  5  6  7
9. I wrote information legibly
on my written report. 1  2  3  4  5  6  7
10. Overall, communication
between my group
members and myself went
well.
1  2  3  4  5  6  7
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Treatment Three: Template on Whiteboard and Written Report
(Group 2)
Leader from Group 1:
Questions Ratings
(1 is strongly disagree, 4 is neutral,
and
7 is strongly agree)
1. I gave clear information to the
next group members. 1  2  3  4  5  6  7
2. The next group members
clearly understood what I
explained to them.
1  2  3  4  5  6  7
3. There was some confusion
between the next group
members and myself.
1  2  3  4  5  6  7
4. If you circled 5 or higher on
the question 3, please briefly
explain the reason why there
was some confusion?
5. I was asked some questions
by the next group members. 1  2  3  4  5  6  7
6. Overall, communication
between the next group
members and myself went
well.
1  2  3  4  5  6  7
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Treatment Three: Template on Whiteboard and Written Report
(Group 2)
Leader from Group 2:
Questions Ratings
(1 is strongly disagree, 4 is neutral,
and
7 is strongly agree)
1. My group members clearly
received the information
from the previous group
leader.
1  2  3  4  5  6  7
2. My group members spoke
clearly when they
communicated with me.
1  2  3  4  5  6  7
3. There was some confusion
between my group members. 1  2  3  4  5  6  7
4. If you circled 5 or higher on
the question 3, please briefly
explain the reason why there
was some confusion?
5. I received clear information
from my group members. 1  2  3  4  5  6  7
6. The written reports provided
by my group members were
legible and clear to read.
1  2  3  4  5  6  7
7. My group members followed
my directions.
1  2  3  4  5  6  7
1 Overall, communication between
my group members and myself
went well.
1  2  3  4  5  6  7
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Treatment Three: Template on Whiteboard and Written Report
(Group 2)
Members from Group 2:
Questions Ratings
(1 is strongly disagree, 4 is neutral,
and
7 is strongly agree)
1. The leader from the previous
group spoke clearly when
giving me information.
1  2  3  4  5  6  7
2. I understood what the
previous group leader was
telling me.
1  2  3  4  5  6  7
3. My leader answered my
questions clearly. 1  2  3  4  5  6  7
4. My leader understood what I
was telling him/her. 1  2  3  4  5  6  7
5. My leader asked questions
clearly to gather information
from me.
1  2  3  4  5  6  7
6. My leader asked questions
about what I wrote on the
written report.
1  2  3  4  5  6  7
7. I wrote information legibly on
my written report.
1  2  3  4  5  6  7
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8. There was some confusion
between my group members. 1  2  3  4  5  6  7
9. If you circled 5 or higher on
the question 3, please briefly
explain the reason why there
was some confusion?
10. Overall, communication
between my group members
and myself went well.
1  2  3  4  5  6  7
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APPENDIX B
CHECKLIST FOR EXPERIMENT ONE
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Removing Agent Container
To remove agent container, see figure 11-5 and proceed as follows:
Make sure that both battery and circuit breaker are removed before going
to the next step. (Pull the circuit breaker.)
Remove access F-31.
Disconnect electrical wires from discharge valve.
Disconnect system discharge line and thermal discharge indicator line.
Remove four mounting bolts and washers.
Remove agent container from airplane.
Cap all open lines and cover electrical wire lugs.
Removing Discharge Valves
To remove discharge valve, see figure 11-5 and 11-7, and proceed as follows:
WARNING
Take care that no electrical power is applied at discharge valve terminal when
valve is removed from agent container. The cartridge in the discharge valve
contains a metal slug which is fired with lethal force.
Remove access F-31
Remove agent container and discharge valve. (Refer to paragraph 11-25)
Remove discharge valve from container by loosening swivel nut. (see
figure 11-7.)
Remove cartridge from discharge valve (see figure 11-7)
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Removing Direction Valve
To remove direction valve, see figure 11-6 and proceed as follows:
Remove access doors F-31 and F-58.
Through access F-58, disconnect electrical wires from valve.
Through access F-31, disconnect engine fire extinguisher discharge lines
from valve. Remove two retaining bolts holding direction valve to
support bracket and remove valve.
Cap all open lines and cover electrical wire lugs.
Installing Agent Container
NOTE
Before installing agent container, weigh container along with its discharge valve
and cartridge to ensure that weight agrees with total weight stenciled on decal
attached to container within          + 0.10- 0 pounds.
Place agent container in position and install four mounting bolts and
washers.
Connect system discharge line and thermal discharge indicator line.
Connect electrical wires to discharge valve (Refer to “T-39A Wiring
Data and Diagrams,” T.O. 1T-39A-2-8, or “T-39B Wiring Data and
Diagrams,” T.O. 1T-39B-2-8).
Install access F-31.
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Installing Discharge Valve
Apply grease (Military Specification MIL-G-7711A) to cartridge threads,
and install gasket, strainer, and cartridge in discharge valve assembly.
Torque cartridge to 150-175 inch –pounds.
WARNING
Take care that no electrical power is applied at discharge valve terminal when
valve is removed from agent container. The cartridge in the discharge valve
contains a metal slug which is fired with lethal force.
Assemble discharge valve assembly to container.
NOTE
Ensure that o-ring packing and disk retainers are in place. Apply small amount of
grease (Military Specification MIL-G-7711A) to container neck threads.
Position valve of each container facing aft. Each valve should point 180
degrees from its respective pressure gage. Align discharge valve fitting
to discharge line; then, using strap wrench or other suitable tool, torque
swivel nut to approximately 75 foot-pounds.
Remove thread protector (shipping) plug from safety outlet of each
container.
WARNING
Do not attempt to remove fusible safety outlet plug from agent container.
Removal of the fusible safety outlet plug may cause injury to personnel due to
high pressure on the agent container.
Apply permatex No.1 to threads of overboard discharge connectors and install
connectors to containers. Torque connectors to 50 inch-pounds.
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Installing Direction Valve
Position direction valve so that normally open port connects to line from
left engine nacelle. Connect engine fire-extinguisher discharge lines to
direction valve.
Connect electrical wires to direction valve. (Refer to “T-39AWiring
Data and Diagrams,” T.O. 1T-39A-2-8, or “T-39B Wiring Data and
Diagrams,” T.O. 1T-39B-2-8).
Perform system obstruction and purge check of direction valve (Refer to
paragraph 11-22).
Install access doors F-31 and F-58.
(ENGINES AND RELATED SYSTEMS: USAF SERIES T-39A AND T-39B
AIRCRAFT)
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APPENDIX C
CHECKLIST FOR EXPERIMENT TWO AND THREE
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Safety Briefing And Settings
Talk about fire bottle safety and basic knowledge of them. For
example,
1. How to remove the fire bottles
2. How dangerous it is to handle the fire bottles
3. How to check the fire bottles
4. When to replace the fire bottles
Walk around the aircraft and check if there are tire chocks around its
tires.
Pull the circuit breaker
Make sure that both battery and circuit breaker are removed before
going to the next step. (Pull the circuit breaker.)
Removing Agent Container
To remove agent container, see figure 11-5 and proceed as follows:
Make sure that both battery and circuit breaker are removed before going
to the next step. (Pull the circuit breaker.)
Remove access F-31.
Disconnect electrical wires from discharge valve.
Disconnect system discharge line and thermal discharge indicator line.
Remove four mounting bolts and washers.
Remove agent container from airplane.
Cap all open lines and cover electrical wire lugs.
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Removing Discharge Valves
To remove discharge valve, see figure 11-5 and 11-7, and proceed as follows:
WARNING
Take care that no electrical power is applied at discharge valve terminal when
valve is removed from agent container. The cartridge in the discharge valve
contains a metal slug which is fired with lethal force.
Remove access F-31
Remove agent container and discharge valve. (Refer to paragraph 11-25)
Remove discharge valve from container by loosening swivel nut. (see
figure 11-7.)
Remove cartridge from discharge valve (see figure 11-7)
Removing Direction Valve
To remove direction valve, see figure 11-6 and proceed as follows:
Remove access doors F-31 and F-58.
Through access F-58, disconnect electrical wires from valve.
Through access F-31, disconnect engine fire extinguisher discharge lines
from valve. Remove two retaining bolts holding direction valve to
support bracket and remove valve.
Cap all open lines and cover electrical wire lugs.
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Installing Agent Container
NOTE
Before installing agent container, weigh container along with its discharge valve
and cartridge to ensure that weight agrees with total weight stenciled on decal
attached to container within + 0.10- 0 pounds.
Place agent container in position and install four mounting bolts and
washers.
Connect system discharge line and thermal discharge indicator line.
Connect electrical wires to discharge valve (Refer to “T-39A Wiring
Data and Diagrams,” T.O. 1T-39A-2-8, or “T-39B Wiring Data and
Diagrams,” T.O. 1T-39B-2-8).
Install access F-31.
Installing Discharge Valve
Apply grease (Military Specification MIL-G-7711A) to cartridge threads,
and install gasket, strainer, and cartridge in discharge valve assembly.
Torque cartridge to 150-175 inch –pounds.
WARNING
Take care that no electrical power is applied at discharge valve terminal when
valve is removed from agent container. The cartridge in the discharge valve
contains a metal slug which is fired with lethal force.
Assemble discharge valve assembly to container.
NOTE
Ensure that o-ring packing and disk retainers are in place. Apply small amount of
grease (Military Specification MIL-G-7711A) to container neck threads.
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Position valve of each container facing aft. Each valve should point 180
degrees from its respective pressure gage. Align discharge valve fitting
to discharge line; then, using strap wrench or other suitable tool, torque
swivel nut to approximately 75 foot-pounds.
Remove thread protector (shipping) plug from safety outlet of each
container.
WARNING
Do not attempt to remove fusible safety outlet plug from agent container.
Removal of the fusible safety outlet plug may cause injury to personnel due to
high pressure on the agent container.
Apply permatex No.1 to threads of overboard discharge connectors and install
connectors to containers. Torque connectors to 50 inch-pounds.
Installing Direction Valve
Position direction valve so that normally open port connects to line from
left engine nacelle. Connect engine fire-extinguisher discharge lines to
direction valve.
Connect electrical wires to direction valve. (Refer to “T-39A Wiring
Data and Diagrams,” T.O. 1T-39A-2-8, or “T-39B Wiring Data and
Diagrams,” T.O. 1T-39B-2-8).
Perform system obstruction and purge check of direction valve (Refer to
paragraph 11-22).
Install access doors F-31 and F-58.
(ENGINES AND RELATED SYSTEMS: USAF SERIES T-39A AND T-39B
AIRCRAFT)
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APPENDIX D
DATA TABLES
(LEADERS)
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Leaders
Tx 1 Pre: 1 and 3/ Middle Post: 1 and 3/Post: 2 and 4
Pre Middle Post Post
7 5 5
7 5 5
1 2 5
7 7 6
7 6 5
7 6 5
7 6 4
6 2 6
6 6 2
2 6 2
6 2
6 2
6
6
Tx1 Pre: 4 and 2/Middle Post: 2 and 4 Post: 3 and 1
Pre Middle Post Post
5 5 6
5 6 6
4 4 2
6 6 6
6 5 6
4 6 6
5 5 7
5 3 7
6 6 1
3 6 7
6 7
6 7
6
6
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Tx2 Pre: 1 and 3/Middle Post: 1 and 3/ Post: 2 and 4
Pre Middle Post Post
7 7 6
7 7 6
1 1 3
7 7 6
7 7 5
7 6 6
7 6 6
7 2 5
6 6 6
5 6 5
2 5
6 6
6 6
6 6
6
6
Tx3 Pre: 2 and 4/ Middle Post: 2 and 4/Post: 1 and 3
Pre Middle Post Post
6 6 7
5 6 7
3 3 1
6 3 7
6 6 7
6 5 7
6 7 7
6 3 6
5 2 6
4 4 2
4 6
4 6
5 6
6 6
5
6
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APPENDIX E
DATA TABLES
(MEMBERS)
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Tx 1 Pre: 1 and 3/ Post: 2 and 4
Pre Post
7 7
1 7
7 3
7 3
7 2
6 4
7 7
7 5
2 7
7 1
7 6
7 6
6 6
7 3
6 7
2 6
7 6
7 4
7 2
7 1
7 6
7 1
2 1
6 6
7 6
4 6
5 2
6 6
7
2
7
7
7
7
7
72
Tx1Pre:2 and 4/ Post: 1and 3
Pre Post
4 3
2 6
7 7
4 7
6 7
5 1
5 7
3 7
6 7
4 7
3 7
6 7
5 5
5 1
7 7
1 6
7 6
6 7
7 7
7 2
7 7
2 7
3 7
3 7
6 7
6 7
3 1
5 7
7
7
2
1
2
2
2
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Tx2Pre:1 and 3/Post:2 and 4
Pre Post
7 6
1 6
7 5
7 6
7 4
7 3
1 5
6 1
7 6
7 6
1 7
7 5
7 7
7 6
7 5
7 5
7 2
7 6
7 7
1 7
7 7
7 7
7 7
7 1
6 6
6 1
7 7
7 7
1 7
7 7
7 6
7 6
7 6
7 7
7 1
7 7
7
5
6
6
6
6
5
6
6
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Tx3 Pre:2 and 4/Post:1 and 3
Pre Post 7
6 7 7
1 1 7
6 7 7
6 7 2
6 7 6
6 7
6 7
7 7
6 7
6 6
1 6
7 7
6 7
6 5
4 1
4 7
4 1
7 7
6 5
2 6
7 3
6 2
7 6
6 6
1 4
6 4
7 5
5 7
5 7
6 7
6 7
6 7
6 7
6 7
4 1
6 7
7
7
7
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APPENDIX F
APPROVAL FROM THE IRB
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